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Gait Purvis 
As San Diego atypically collected a goodly 
allocation of squally rain, (mercifully still 
offering leeway for the golfers) Gorham 
Technologies held its Compound Semicon- 
ductor Outlook 2003. Some two dozen 
speakers laid out advances in processing, 
fabrication equipment and technology; con- 
sidered the technology outlook for com- 
pound in LEDs, VCSELs, photonics, imaging 
and opto materials; took compound through 
finance, business and market perspectives; 
examined innovations in substrate manufac- 
ture and finally covered foundry activities in 
US and Asia. While III-Vs contenders have 
plenty of excuse for gloom, the enthusiasm 
in some clearly winning sectors seems 
indicative of an industry that can take the 
knocks, and is still in the circuits to win. 
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Key speaker at the Compound Semiconductor  
Outlook 2003, Lumiled's Michael Holt (from 
the HP alumni) talked on "Past, present  and 
future of solid state il lumination," wi th  the reas- 
suring message that this will happen,  probably 
"not as a rep lacement  to convent ional  lighting, 
but as a supplement" .  (HB) LED's," Holt said, 
"will give you, the user, what  convent ional  
l ighting can't  provide, and that is control." He 
proceeded to sketch a scenario of factories lit by 
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high summer daylight o cheer sufferers of sea- 
sonal affective disorders to romantic midsummer 
evening lighting for diners a deux or indulging a 
child with a coveted, totally pink-lit bedroom. 
More pragmatically, he noted that LEDs have 
been in the auto industry since the late '80's.The 
small and stylistic LED will give this sector that 
coveted, unique design 'signature' which will win 
it early niches, as will task lighting which would 
emerge where the LED has the ability to counter  
UV damage at perfume counters, oil paintings 
and the like. 
Accompanying his talk, Holt had a large screen 
PC distractingly changing colour violently.A dele- 
gate, who had been to several LED conferences 
and exhibit ions recently however  grumbled this 
was nothing new -"Couldn't  he have been more 
original and demonstrated his tones of l ighting 
throughout  the hall?" 
As delegates looked up at the traditional 
chandeliers overhead, it was a salutary reminder 
of the bulk of investment in existing lighting 
fixtures and the difficulty of replacing such an 
entrenched market. 
It was left to Pierre Maccagno of Needham & Co 
to review the figures and statistics of the HBLED 
industry [well covered by DrAlan Mills in his 
"Solid state lighting" and "Light emitting diodes" 
articles in III-Vs Review, February and March.] 
LED backlighting leads 
There can be little doubt that LED is out front at 
present. Based on Strategies Unlimited's data 
Maccagno estimated the market segmentat ion 
break down in 2002 of $1.8bn comprising 
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High performance LEDs from 
Osram Opto Semiconductors 
move into the headlights 
A1GaInP (yellow-red) 28%,A1GaAs (red) 4% and 
InGaN (blue, green, white) as 68% In total agree- 
ment  with Strategies Unlimited's figures, he also 
said that the HBLED market in 2002 was up 50% 
(having enjoyed a CAGR of 42% over the past 4 
years). The winning sector was GaN with a 51% 
CAGR over the last four years, where AIGaAs has 
lost market share. 
Backlighting is the biggest segment (40% or 
$720m). It has been growing 114% year on year. 
Applications include handsets, PDAs, digital cam- 
eras and LEDs, with specs driven by lower power  
consumption,  low cost, colour br ightness and 
uniformity. Currently Japan is most of the market, 
but growth in 2003 onwards will be driven by 
Europe and US. 
Automotive use is up year on year at 30% and in 
2002 was worth  $325m. Interiors are 77% of the 
market (65% CAGR in the last 5 years) with Cree 
& Osram Opto, and Emi holding 92% of the mar- 
ket). Exteriors are 23% of the market, a 15% cagr 
and the major supplier is Lumiled for Centre 
High Mounted Stop Lamps (CHMSL), stoplights 
and front headlights.Top end cars are expected 
to use some 200-300 HB LEDs at a value of 
$100-$150. 
Sign and displays (23%) is a fiat market.Tight 
specification mean higher cost LEDs and life- 
t imes of LEDs are a major issue, for in this appli- 
cation they need a 5 year endurance span. 
I l lumination - a $12bn market in 2002 is not par- 
ticularly encouraging for the next 10 years 
either, forecasts Maccagno, although he conced- 
ed that by 2007 HB LEDs could be starting to 
become effective. 
Technology challenges he concluded were 300- 
400 lumens/Watt - far above LED current 
achievement. A factor of 10 hnprovement  was 
needed. Internal efficiency (currently only 30%) 
needed to improve, as did optimising light 
extractions (currently 40-50%) and heat extrac- 
t ion (at 300°K/Watt. Reliability was also critical, 
where  brightness halves after 20k hours. 
In manufacturing yields of GaN, deposit ion and 
wafer cutting is only 50% and needs improve- 
merit.Tighter control of variances was needed, as 
the human eye is capable of seeing a change of 
5nm for blue light. It was probably vital to 
migrate from 2" to 4" or larger diameter sub- 
strates and wafer throughput  in MOCVD reactors 
needed to increase from 6X2" to 24x2" 
The InGaN HBLED die market size was $450m in 
2001 concluded Maccagno. Some 70% of that 
market is shared by Cree, Nichia and Toyoda 
Gossei.After them comes LumiLeds (Agilent & 
Philips) Osram/Siemens and the Taiwanese com- 
panies of Epistar, Formosa Epi,Arima and some 
10 others. 
VCSEL 
But it is not only solid state lighting that offered 
market cheer to the compact attendance, nearly 
halved on last year' figures. Dr Burghard 
Sclmeider, CEO ULM-photonics, expounded on 
vertical cavity surface emitting laser diodes 
(VCSED and the importance of"thinking the 
semiconductor  way." In short, reduce cost 
through economies of scale, the price of the 
product  is related to the space on GaAs, integrat- 
ing the emitting function is a semiconductor  
route and always be prepared for new markets 
from both application and regions. 
In practical terms moving from bondwired to 
flip chip reduced assembly cost 30-40%. Added 
savings were made through testing TxRx sub- 
assemblies. In an integrated optical submodule, 
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exchange of substrate makes possibledirect ou- 
pling, integrating lens and fibre al ignment and 
integrating signal monitoring. For the future 
progress is anticipated in aggregate bandwidths 
(transceiver). From a IGb/s device in 1995, in 
2002 2D arrays of 4x12 and 8x8 atlOOGb/s and 
moving to 1Tb/s. For VCSELs new markets are 
automotive, sensing (achieving relevant volume) 
print ing and medical, concluded Schneider. 
Nano debut 
For all the furore in business over a nano revolu- 
tion, compound semiconductors have been very 
douce talking developments while quietly using 
it for }Tears in the vertical direction and also for 
some high frequency transistors in gate lengths. 
For other materials eminent  market forecasters 
like 3i and Frost & Sullivan clearly see other 
materials and industry sectors as the proving 
ground. So it was satisfying to hear Shiv 
Chiruvolu, process development manager of 
Nanophotonics,  upplying integrated metrology 
to the compound and semiconductor  sector, will- 
ing to air the topic of nano semiconductors. 
Chiruvolu projected nano application prospects 
from 2005 to 2010 [Figure 1] and drawing on 
Hitachi figures, laid out the 2005 market and the 
towering ranking of IT, electronics and new 
materials and devices for 2010 [Figure 2] 
Nano semiconductors  in short  would benef it  as 
bui lding blocks for e lect ron ic /photon ic  devices 
as the 90nm pattern rule was already in sight. 
Device fabrication processes must be 'oversize 
particle'  free, eg. CMP must drop be low 100nm 
abrasives, and nanoporous materials achieve 
low-k wi th  Cu wire for connect ion  created by 
filling Cu nanopart ic les wi th in  safe covers. 
lattice c-face poor good good good excellent excellent good 
match other bad bad good poor excellent excellent good 
thermal expansion mismatch poor poor poor poor excellent excellent excellent 
thermal conductivity poor excellent okay poor good good excellent 
chemical compatibility excellent good poor poor excellent excellent excellent 
availability excellent excellent available available available poor poor 
cost excellent moderate moderate moderate high very high very high 
uv transmission excellent poor excellent excellent poor poor excellent 
electrical conductivity insulating conducting insulating insulating conducting conducting insulating 
Device Application Desirability 
Solar blind UV detector accept, not accept, not accept, not accept, not accept, ideal 
High power rf poor accept, poor poor poor accept, very good 
laser poor accept, accept, accept, ideal ideal good 
high power uv LED accept, accept, accept, accept, good good good 
solid state Iightling accept, good good good ideal ideal good 
Figure 3. The nitnde a/tematives 
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Advantages would be emerging physical proper- 
ties, due to appropr iate size of atom or mole- 
cule assemblies. 
Integration of device elements for light source 
and detectors will give quantum conf ined energy 
band control (superlattice lasers) and light emis- 
sion from even Si or Ge or their compounds.  On 
the optical modulator switch devices, large elec- 
tro optical parameters will be achieved ue to 
quantum conf inement or interface ffect and 
therewil l  be enhanced levels of refractive index 
control, as well as high and low k dielectric con- 
trol of superlattice photonic  crystals. 
That $900m market in 2005 nanomaterials 
(enthusiastic BCC figures) would cover 24 appli- 
cations. Nano semiconductors would comprise 
nanowires, PV, optoelectronics, chemical and bio- 
logical sensors. Processing tools would be CMR 
Viable applications would be micro-photonic 
devices in optical networks, photonic  crystals 
and quantum dots. 
So watch out for photonic  crystals on a single 
material platform; for nanoscale precison coat- 
ings of photonic  crystals; for tunable integrated 
optical touters and for active photonic  crystals as 
the technology direction. Among the projected 
products for photonic  nano-composites are the 
photonic  superway; electronic paper; optical 
glue; intestinal micro-lens; omni-reflector micro- 
mirrors, and optical tagging. 
I nGaAs corn moditisation 
For those who feel nano is nervously far out, 
Marshal Cohen, president of Sensors Unlimited 
was only too happy to talk of the commoditisa- 
t ion of Indium Gallium Arsenide imaging devices 
which have always been among the more exotic 
of the compound offering. 
Explaining that InGaAs starts off where silicon 
leaves off, Cohen summarised its use for short 
wave infrared (SWIR) imaging as easily manufac- 
turable and mass produced; a proven technology; 
giving an all solid state camera; operating at 
room temperature and offering high signal/noise 
in the SWIR band. 
InGaAs images the natural glow of the night sky, 
giving night vision; it can see with'eye safe' lasers 
and is unphased by camouflage or fog. For imag- 
ing applications there's pectroscopy, night 
vision; covert and industrial surveillance and 
camouflage detection, seeing 'eye safe' lasers; 
range finding, target acquisition and tracking, 
aircraft de-icing; wafer inspection; surgery (where 
blood becomes transparent), industry imaging; 
food processing; fme art inspection, wafer inspec- 
tion and diode laser characterisation. 
"At the height of the telecom bubble we shipped 
2,000 linear focal plane arrays/week," says 
Cohen, "Each month  we shipped more than all of 
the military imaging devices over the past 20 
years. In quantity our cost for a fully packaged 
2D InGaAs imager is less than $250." 
Nitrides in the wings 
But if InGaAs are on the commercial  stage, GaN 
substrates are still in the wings, as "The progress 
and potential  of GaN substrates for electronic 
and optoelectronic devices" suggests. Given by 
George Brandes, director of ATMI's new gallium 
nitride business, the prospects for GaN substrates 
was laid out. Primarily they offer lattice constant 
and lattice matched substrates that are the easi- 
est route to low density dislocation. Thermal co- 
efficient of expansion matching, ease and com- 
patibility with the epi growth process, and both 
substrate quality and availability look set to joust 
with GaN on sapphire substrates.  
In the conference workshop on new approaches 
to semi-conductor substrates, Leo Schowalter 
of Crystal IS covered the substrate alternatives 
[Figure 3]. III-nitrides (A1N, GaN and InN) are 
mechanical ly hard, chemically stable, non-toxic 
and have that coveted wide bandgap. 
Applications include short wavelength 
photonics,  and high temperature, power  and 
frequency uses. GaN became attractive when 
reliable p-type doping was demonstrated and 
improved heteroepitaxial  growth on sapphire 
was demonstrated. 
And demand for larger operational temperatures 
and improvement in power  density (radar, wire- 
less and electronic) are pushing GaN (300°C) 
over current GaAs based devices (250°C)  due 
to thermal generation of the carriers. GaN sub- 
strate manufacturers in the US are ATMI,TDI, 
KymaTechnologies and Crystal Photonics. In 
Asia, wafers come from Sumitomo and Samsung, 
in Europe from Poland's TopGaN. Market predic- 
t ion for GaN devices, an actual $650m in 2001, 
anticipates t topping $1,000m in 2002 and dou- 
bling by 2005 or earlier. 
That could lead to considerable business for the 
'disruptive' substrate and wafer producers and 
continue the push for quality and lower costs. 
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